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I would l i k e  t o  s u g g e s t  some p o s s i b l e  r e s e a r c h  p r o j e c t s  t h a t  would 
b e  o f  b e n e f i t  t o  t h e  o i l  sand  i n d u s t r y  as a whole. The Research 
Department o f  my company is f u l l y  occupied  w i t h  e f f o r t s  t o  e n s u r e  
t h a t  t h e  p l a n t  c u r r e n t l y  under  c o n s t r u c t i o n  (and scheduled  t o  s t a r t  
product ion  i n  March 1978)  w i l l  o p e r a t e  s a t i s f a c t o r i l y .  T h i s  t a k e s  
u s  i n t o  s t u d i e s  o f  t h e  geology of  t h e  f o r m a t i o n ,  e s p e c i a l l y  hydro- 
geology;  e x t r a c t i o n ;  t a i l i n g s  management; a n a l y t i c a l  r e s e a r c h :  and 
upgrading.  N a t u r a l l y  w e  are  a c u t e l y  aware o f  t h e  costs o f  o i l  
sand  development. And w e  are o f t e n  reminded t h a t  knowledge spec- 
i f i c a l l y  f o r  a p p l i c a t i o n  t o  t h e  h i g h  cost areas o f  o i l  sands  
development h a s  never  been a c q u i r e d .  

T o t a l  inves tment  i n  t h e  Syncrude p r o j e c t  f o r  o b t a i n i n g  s y n t h e t i c  
c r u d e  o i l  f r o m  t h e  tar  s a n d s  o f  n o r t h e r n  A l b e r t a  w i l l  be  $2.048 
b i l l i o n  f o r  i n i t i a l  p r o d u c t i o n  of 105M bbld/d.  C o n s t r u c t i o n  i s  
more than  60% complete  (Feb. 1 9 7 7 ) .  As ide  from h o t  w a t e r  e x t r a c t i o n  
procedures  t h a t  w e  have developed  i n d e p e n d e n t l y ,  o u r  technology h a s  
been adapted  from practices f o l l o w e d  i n  e s t a b l i s h e d  i n d u s t r i e s .  
Cons ider ing  t h e  i n v e s t m e n t  r e q u i r e d  t h i s  i s  n o t  a good r o u t e  t o  
f o l l o w  i n  t h e  long  run .  O i l  s a n d s  i s  c a p a b l e  o f  b e i n g  such  a b i g  
i n d u s t r y  t h a t  r e s e a r c h  e f f o r t  devoted t o  i t s  p a r t i c u l a r  problems 
i s  overdue. Syncrude a l o n e  w i l l  have one o f  t h e  w o r l d ' s  b i g g e s t  
mines removing 92 MM tons t a r  sand and 45 MM t o n s  overburden p e r  
y e a r .  Our u t i l i t i e s  p l a n t  is des igned  f o r  260 MW. Y e t  i n  s p i t e  of 
scale and t h e  r i s i n g  p r i c e  of  c o n v e n t i o n a l  c r u d e ,  o i l  s a n d  economics 
are s t i l l  margina l .  Research d e l i b e r a t e l y  devoted  t o  o i l  sands  
problems c o u l d  l e a d  t o  n e w  equipment and p r o c e s s  s t e p s  t h a t  would 
improve t h e  economic o u t l o o k  fo r  t h e  development o f  o i l  sand .  
Mining and e x t r a c t i o n  w i l l  be  employed f o r  working t h e  t o p  200 f e e t  
or so of t h e  d e p o s i t  b u t  d e e p e r  o i l  sand w i l l  have t o  b e  processed  
i n - s i t u  and t h i s  w i l l  r e q u i r e  t h e  a c q u i s i t i o n  of  m o r e  knowledge t o  
keep o p e r a t i o n s  a t  acceptable costs. 

A comparison of  some statist ics f o r  t h e  mining and i n - s i t u  p l a n t s  
l o o k s  l i k e  t h i s .  I n  b o t h  schemes t h e  scale is l a r g e .  
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In each of the two schemes upgrading of the isolated bitumen 
is needed to yield liquid hydrocarbon products. 

Setting aside the question of what on this continent we should do 
to conserve energy, the fact remains that there is an urgent 
real demand for hydrocarbon fuels as conventional crude dwindles. 
It is also a fact that the oil sands of northern Alberta are a huge 
deposit of bituminous matter from which, by suitable treatment, 
fuel-grade hydrocarbons can be derived. Obviously mining tar sand 
and then manufacturing crude therefrom is more expensive than 
establishing land-based wells in accessible regions, and it is 
because costs of obtaining conventional crude have increased as 
less-accessible supplies have to be tapped that synthetic crude 
from oil sands has now become economically feasible. 

If oil sands is to become the viable source of hydrocarbons that 
its extent and proximity to the Canadian market suggest that it 
can be, new solutions must be found to unacceptably expensive steps 
in the process. Otherwise, for new reasons, oil sand will remain 
what it has been for 200 years -- a known but unworkable bituminous 
deposit. 

Areas of high cost cannot be dealt with solely by chemical invention. 
I am increasingly aware of our need in the Syncrude Research Depart- 
ment, for expertise in disciplines other than chemistry and chemical 
engineering. Because oil research is traditionally staffed by 
people with chemical training, we tend to concentrate on those 
problems that lend themselves to laboratory or pilot scale inquiry. 
In fact investment breaks down to: 

Mining 34% 
Extraction, Froth 
Treatment and Diluent 

Upgrading 30% 
Recovery 12% 

Of fplots 24% 

100% 
It can be, and is, argued that mining is not our province but the 
responsibility of the mining industry. But the punitive cost of 
oil sand mining is in danger of blocking oil sands development. 
Ultimately such high cost must be attributed to failure to recog- 
nize the need for research. 

As an example,my company will spend about $80 million dollars on 
conveyors, and an as yet unknown amount on their maintenance. These 
conveyors will handle a material so harsh that it would be difficult 
to artificially formulate a worse composition for this mode of 
conveying, and working at temperatures ranging from -5O0F to +lOO°F. 
For the benefit of tar sand development as a whole, several millions 
of dollars would be well spent on conveyor materials research and 
other uses of rubber or rubber substitute. The reason why this has 
not been done, I think, is that an oil sand industry is only now 
emerging, and approaches to the conveyor supplying industry have 
so far been made in a piece-meal fashion. Such a large army of 
construction workers is needed to build an oil sands plant that one 
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p l a n t  has  t o  b e  completed b e f o r e  a n o t h e r  c a n  b e  s t a r t e d .  Hence 
through l a c k  o f  c o n c e r t e d  i n v e s t i g a t i o n  e a c h  p l a n t  i s  doomed t o  
b e  equipped w i t h  conveyor t h a t  may be  less t h a n  f u l l y  a p p r o p r i a t e .  
The  same r e a s o n i n g  a p p l i e s  to  o t h e r  f e a t u r e s  o f  o i l  sands  technology.  

Steam 

The piece-meal approach needs t o  be c o r r e c t e d  even i n  chemica l  
q u e s t i o n s .  Of t h e  600  b i l l i o n  b a r r e l s  c r u d e  o i l  e q u i v a l e n t  p r e s e n t  
i n  t h e  Athabasca d e p o s i t ,  o n l y  20 b i l l i o n  b a r r e l s  can  b e  recovered  
by a p r o c e s s  i n v o l v i n g  a mining s t e p .  T h i s  i s  t h e  p r e f e r r e d  scheme 
where p o s s i b l e  due t o  h igh  r e c o v e r y  o f  around 9 3 % .  For t h e  rest 
w e  must r e s o r t  t o  i n - s i t u  methods (so f a r  50% recovery  a t  b e s t ) ,  
which have a s  t h e i r n  f e a t u r e  t h a t  t h e y  i n v o l v e  h e a t i n g  t h e  
d e p o s i t  t o  r e n d e r  t h e  bi tumen f l u i d .  Some proposed i n - s i t u  
p r o c e s s e s  u t i l i z e  steam which i n  t u r n  ca l l s  f o r  l a r g e i t i e s  
o f  water  of s u f f i c i e n t  p u r i t y  t o  b e  used  as  b o i l e r  f e e d .  P u r i f y i n g  
water f o r  b o i l e r  f e e d  i n  e lectr ical  power g e n e r a t i o n  i s  more demand- 
i n g  because  n o t  o n l y  w i l l  s i l i c a  b e  d e p o s i t e d  as scale, b u t  some 
forms of s i l i c a  w i l l  be v o l a t i l e  under  t h e  h i g h  p r e s s u r e s  and h igh  
t e m p e r a t u r e s  i n  modern b o i l e r s ,  o n l y  t h e r e a f t e r  t o  b e  d e p o s i t e d  
downstream on such d e l i c a t e  equipment  as  t u r b i n e  b l a d e s .  O i l  sands 
steam usage d i f f e r s  f rom t h a t  i n  c o n v e n t i o n a l  power g e n e r a t i o n  
because  t h e  s t e a m  i s  used a n d  t h e n  a l lowed t o  e s c a p e :  e x c e p t  i n  
t h e  u t i l i t i e s  p l a n t , n o  c o n d e n s a t e  i s  r e t u r n e d .  C l e a r l y  f o r  our -  
s e l v e s  and f o r  o t h e r  d e v e l o p e r s  i n e x p e n s i v e  ways of  producing  
copious  s u p p l i e s  of p u r i f i e d  water would b e  an i m p o r t a n t  development 

Raw water  of  t h e  Athabasca r e g i o n  c o n t a i n s  s o l u b l e  o r g a n i c  a c i d s  of  
h i g h  molecular  weight  and much d i s s o l v e d  s i l i c a  i n  t h e  form of  
s i l i c i c  a c i d s .  S t r o n g l y  b a s i c  i o n  exchange r e s i n s  may be used to  
remove s i l i c a  b u t  i f  such  r e s i n s  are exposed t o  t h e  d i s s o l v e d  
o r g a n i c s ,  t h e y  f o u l  i r r e v e r s i b l y  -- t h a t  i s ,  t h e y  c a n n o t  be  re- 
g e n e r a t e d  by s imple  c a u s t i c  t r e a t m e n t .  It i s  t h e n  n e c e s s a r y  t o  add 
a n o t h e r  r e s i n  system t o  guard  t h e  h i g h l y  b a s i c  r e s i n  and t o  regener -  
a t e  t h a t .  Bes ides  i n t r o d u c i n g  f u r t h e r  c a p i t a l  expense,  t h i s  b r i n g s  
o p e r a t i n g  complexi ty  because  t h e  w a t e r  e l u t e d  from t h e  guard  r e s i n  
must be c a r e f u l l y  moni tored  b e f o r e  it is  advanced t o  t h e  b a s i c  r e s i n .  

One answer t o  t h e  r e s i n - f o u l i n g  problem l ies i n  t h e  u s e  of ozone, 
f o r  d e g r a d a t i o n  o f  t h e  l a r g e  o r g a n i c  molecules .  A t  Syncrude Research 
w e  have a d j u s t e d  t h e  m o l e c u l a r  weight  o f  t h e  o r g a n i c s  t o  t h e  d e s i r e d  
v a l u e  by u s e  o f  as l i t t l e  as 5 ppm ozone and s u c c e s s  w a s  demonstrated 
i n  a six-day e x p e r i m e n t a l  r u n  where no n o t i c e a b l e  r e s i n  f o u l i n g  w a s  
observed ( 2 )  . 
Ozone i s  h e l p f u l ,  b u t  i f  w e  go back a s t e p  w e  see t h a t  t h e  problem 
i s  n o t  so much i n  t h e  water as i n  t h e  r e s i n .  There i s  n o t h i n g  
i n a t e l y  harmful  i n  c o n t a c t i n g  o r g a n i c  molecules  w i t h  r e s i n s ,  b u t  
o n l y  c o n t a c t i n g  o r g a n i c  molecules  w i t h  r e s i n s  whose p o r e  s t r u c t u r e  
encourages too s t r o n g  a n  a f f i n i t y .  I n  s h o r t ,  t h e  r e s i n s  a v a i l a b l e  
to  use  have been manufactured w i t h o u t  Athabasca r e g i o n  water  i n  mind 
and c o n t a i n  c a v i t i e s  t h a t  r e a d i l y  occ lude  t h e  humic and f u l v i c  a c i d s  
w i t h  which w e  are plagued.  Athabasca w a t e r  needs ta i lor -made  r e s i n s  
o r  some novel  t r e a t m e n t .  
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Reliability 

The very scale on which Syncrude will operate constitutes a risk 
and a challenge. Unlike the conventional oil industry where the 
risk is in locating the oil, with us it is the reliability of the 
equipment. 
developed. 

Syncrude has a train of 41 plants. If each of these were to operate 
at 99% reliability the total system could be depended upon to operate 
for only 66% of the time. At the high investment required it is 
uneconomical simply to have duplicate pieces of equipment. What we 
need is reliability engineering -- that is,some means for informing 
us of the health of equipment before such equipment fails. I 
understand that large computers will now diagnose failure of certain 
of their own components. Using a network of probes and monitors 
attached to equipment, this diagnostic practice needs to be extended 
to large mechanical systems. 

Synthetic crude is more corrosive than its conventional counterpart. 
Stainless steel is not a good material from which process equipment 
should be fabricated because of its poor heat transfer properties. 
New alloys for synthetic crude would justify research effort. 

I have already referred to a need in the tar sand industry for new 
conveyor belt material. It should be strong, resist abrasion, 
work at a demanding range of temperatures, resist attack by 
hydrocarbons, and release tar sand or at least not suffer when 
release agents are applied. Steam distribution systems are made 
expensive because expansion joints have to be let into the system. If 
in-situ recovery were to be employed over an area of 25 square miles 
this would be an enormous source of cost. There is an incentive 
to invent expansionless piping (possibly from ceramic or glass?). 

A new science of equipment reliability will have to be 

Upgrading 

This is the operating by which the bitumen is coverted to synthetic 
crude, suitable for treatment in a convention oil refinery. Bitumen 
is first "cracked" and distilled above 900°F to yield light and 
heavy gas oils. 

The assumption is that because 50% of bitumen is in the boiling range 
of conventional residuum, bitumen should be treated by residuum 
upgrading. With available technology this is correct. Nevertheless, 
about 25% of the energy available to the tar sand is lost in 
upgrading. We subject the bitumen to high temperature to crack the 
heavier molecules and to remove the carbon with a view to increasing 
the hydrogen/carbon ratio of the product. Unfortunately, side 
reactions are quite prominent and encourage production of 

olefins -- which have to be saturated at a later stage 
gases -- which consist of hydrogen and light hydrocarbons 
rich in hydrogen and constitute a serious loss of hydrogen 
from the reactive mixture, notwithstanding the fact that coking 
is intended to correct an alleged hydrogen deficiency. 
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P a r a f f i n s  have  a hydrogen/carbon r a t i o  of  approximate ly  2 ,  benzene 
h a s  1.0. So i n  f a c t ,  b i tumen,  a t  a hydrogen/carbon r a t i o  of  
around 1 . 5  i s  n o t  d e f i c i e n t  i n  hydrogen. I t  is  coking  tha t  makes 
it so. It would appear  t h a t  d u r i n g  coking ,  hydrogen m i g r a t e s  t o  
g i v e  one by-product  so s t a r v e d  o f  hydrogen t h a t  it must be r e j e c t e d  
a s  a coke, and a n o t h e r ,  so r i c h  i n  hydrogen t h a t  i t  i s  lost as 
r e f i n e r y  g a s .  Granted t h e s e  a r e  o n l y  s i d e  r e a c t i o n s ,  b u t  s e r i o u s  
i n  a b s o l u t e  t e r m s .  W e  w i l l  produce 8 0 0 , 0 0 0  t o n s  per y e a r  of a 
coke of hydrogen/carbon r a t io  0.3 and of l o w  economic v a l u e ,  which 
s t a r t e d  o f f  as  a c o n s t i t u e n t  of u s e f u l  hydrocarbons.  O l e f i n  
product ion  i s  so s e r i o u s  t h a t  i n  t h e  subsequent  h y d r o d e s u l f u r i z a t i o n  
s i x t y  p e r c e n t  of  t h e  hydrogen consumed i s  used  merely t o  hydrogenate  
t h e s e  o l e f i n s .  W e  w i l l  u s e  3 5  MM c u b i c  f e e t  of  n a t u r a l  gas p e r  day 
t o  produce hydrogen.  Both hydrogen m i g r a t i o n  and o l e f i n  product ion  
a p p e a r  t o  b e  a f u n c t i o n  o f  t e m p e r a t u r e  and hence a lower tempera ture  

, c r a c k i n g  p r o c e s s  i s  needed f o r  o i l  sands  upgrading .  

L e w i s  a c i d  c a t a l y s t s ,  homogeneous w i t h  t h e  m i x t u r e  t o  be  hydrocracked 
( 3 )  ( e g .  f u s e d  z inc  c h l o r i d e )  h o l d  promise,  b u t  e f f i c i e n t  c a t a l y s t  
recovery  would be needed f o r  economic r e a s o n s .  Bed c a t a l y s t s  a r e  a t  
a d i s a d v a n t a g e  because  o f  po isoning  brought  about  by t h e  meta l  c o n t e n t  
of t h e  bitumen i t s e l f ,  and i t s  a s h  c o n t e n t .  The de-meta l iz ing  s t e p ,  
p o s s i b l y  u s i n g  manganese nodules  would probably  s o l v e  t h i s .  Another 
p o s s i b l e  a p p l i c a t i o n  f o r  c a t a l y t i c  a c t i o n  would b e  a re forming  
s t e p .  Although l a r g e  volumes o f  hydrogen a re  needed t o  hydrogenate  
bitumen d u r i n g  hydrocracking ,  much of t h i s  could  b e  r e g e n e r a t e d  by 
re-forming s i m u l t a n e o u s l y  w i t h  t h e  c r e a t i o n  of a v a l u a b l e  product ,  
h igh  i n  aromatics. A l t e r n a t i v e l y ,  it h a s  been sugges ted  t h a t  s u l p h u r  
i s  evenly  d i s t r i b u t e d  a l o n g  t h e  l e n g t h  of  t h e  l a r g e  molecules  and 
t h a t  merely removing t h i s  s u l p h u r  from bitumen by h y d r o d e s u l f u r i z a t i o n  
would b r i n g  about  a t e n - f o l d  r e d u c t i o n  i n  hydrocarbon molecular  
weight  ( 4 ) .  I f  so, w e  are throwing away a g r e a t  n a t u r a l  advantage 
t h a t  bitumen p r e s e n t s .  

Although f l u i d  coking  fo l lowed by h y d r o d e s u l p h u r i z a t i o n  i s  adequate  
f o r  residuum i n  c o n v e n t i o n a l  c r u d e ,  d i r e c t  a p p l i c a t i o n  t o  o i l  s a n d s  
bitumen i s  r e a l l y  only  a s t o p  gap.  As w e  move toward bitumen as a 
major hydrocarbon r a w  material ,  s i d e  r e a c t i o n s ,  which are a dec ided  
nuisance  i n  t h e  t r e a t m e n t  of c o n v e n t i o n a l  res iduum, w i l l  become a 
s e r i o u s  s o u r c e  of waste. The C a t a l y t i c  Cracker  (deve loped  a s  r e c e n t l y  
a s  t h e  e a r l y  f o u r t i e s )  w a s  b rought  i n t o  use  t o  cope w i t h  t w o  new 
problems: expanded market  f o r  hydrocarbons o f  g a s o l i n e  b o i l i n g  range;  
and t h e  i n c r e a s e d  u s e  o f  h e a v i e r  o i l  as r e f i n e r y  f e e d s t o c k .  
may b e  seen  as t h e  n e x t  s t e p  towards even h e a v i e r  o i l  and t h e  t i m e  
Seems r i p e  f o r  t h e  development  of  a brand new residuum convers ion  
p r o c e s s .  

Bitumen 

Canada i s  f o r t u n a t e  i n  t h a t  as c o n v e n t i o n a l  c rude  s u p p l i e s  are 
d e p l e t e d  w e  have a n  i n t e r m e d i a t e  s o u r c e  of hydrocarbons i n  t h e  form 
of o i l  s a n d s  bi tumen from which o u r  l i q u i d  hydrocarbon needs c a n  be  
s a t i s f i e d .  Other  n a t i o n s  have  t o  go d i r e c t l y  t o  uncongenia l  
hydrocarbon s o u r c e s  such a s  c o a l  and o i l  s h a l e .  O i l  sand poses  
t e c h n i c a l  and  s c i e n t i f i c  problems b u t  t h e s e  a r e  c a p a b l e  o f  b e i n g  
handled by Canadian r e s e a r c h  r e s o u r c e s .  I a m  sometimes asked  what 
w i l l  be t h e  f u t u r e  of  t h e  Syncrude Research Department once t h e  
f i r s t  p l a n t  i s  o p e r a t i n g  and debot t lenedked .  
t h a t  t i m e  w e  w i l l  have clear i d e a s  a b o u t  what t h e  r e s e a r c h  problems 
of o i l  sands  r e a l l y  a r e .  

My r e p l y  is t h a t  by  

The d e p o s i t  c o n t a i n s  a b o u t  600  m i l l i o n  
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b a r r e l s .  Whether w e  c o n v e r t  it from a d e p o s i t  t o  a r e s o u r c e  w i l l  
depend on whether  w e  c o r r e c t l y  choose new d i r e c t i o n s  as  a r e s u l t  
of t h e  i n i t i a l  e x p e r i e n c e  w e  a r e  g a i n i n g  now. 
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